There has been an increase in deaths from cardiovascular diseases following breast cancer therapy. Evidence has shown that this outcome is, in part, associated with cardiotoxicity induced by the chemotherapeutic drugs and the increase in oxidative stress. The aim of this study was to evaluate the effects of chemotherapy and hormone therapy with tamoxifen on the biomarkers of cardiac injury and oxidative stress in women with breast cancer.
Introduction
In the last decade, there has been a large increase in patients' life expectancy with great advances in the diagnosis and treatment of breast cancer. However, the long-term competitive risk of death by other causes is also increasing as women are getting older. [1] Consistent with this trend, the global disease-free survival has been the most important therapeutic outcome, but the assessment of the main causes of death after cancer treatment in this group of patients suggests that deaths are more related to the treatment than to cancer itself. [2] The researchers speculate that the rates of cardiotoxicity cancer-related therapeutics amount to approximately 30%, and their effects may manifest several decades after the completion of treatment, conferring to the cardiac toxicity the title of the second most common cause of morbidity and mortality among survivors of the disease. [3] In fact, it was recently observed that cardiovascular disease (CVD) in cancer survivors significantly reduces the 8-year overall survival from 81% to 60% compared with cancer survivors without CVD. [4] In this context, studies have shown that chemotherapeutic drugs used in the treatment of breast cancer can generate several adverse effects to the cardiovascular system, including ventricular dysfunction, cardiomyopathy and heart failure caused by anthracyclines. [5] Although the underlying mechanisms of these phenomena are not completely understood, it is believed that the molecular basis of drug toxicity are related to the augmented production of reactive oxygen species and consequent damage to the DNA, protein, and membrane lipids of healthy cells, thus contributing to the development of, or aggravating, preexisting CVD.
Oxidative stress is an important factor related to the injury in cardiac cells in the presence of chemotherapeutic agents, particularly anthracyclines, changing the cellular microenvironment, inducing disturbances in the contractile structures and apoptosis of the cardiomyocytes. [9] [10] [11] [12] The increase in protein oxidation due to oxidative stress represents an early indication of ROS-mediated tissue damage. [13] Therefore, in our study the analysis of protein oxidation was used as a biomarker to detect the early oxidative modifications and cytotoxic damages induced by the chemotherapy. On the other hand, the concentration of ROS is regulated mainly by the enzymatic antioxidant system, such as the glutathione peroxidase (GPx). [8] Currently, the detection of chemotherapy-induced cardiotoxicity is carried out by a systematic evaluation of the left ventricular ejection fraction (LVEF) by transthoracic echocardiography. [14] However, there is growing interest in research with a focus on biomarkers that can predict more accurately and more rapidly cardiovascular damages before their onset, mainly because the echocardiography records cannot exclude the possibility of long-term cardiac damage in patients with normal LVEF. [15, 16] Thus, the aim of this study was to evaluate the effects of chemotherapy and hormone therapy with tamoxifen on biomarkers of cardiac injury and oxidative stress in women with breast cancer.
Materials and methods

Study design
The present study was performed between August 2012 and January 2014. Eighty-one women diagnosed with breast cancer--submitted or not to total or conservative breast surgery--were evaluated during this study, among whom, 49 met the inclusion criteria. From this amount, 17 patients did not follow the collection of biological samples, and 2 patients changed their address and continued the treatment at another hospital and, therefore, were excluded from the evaluation. Thus, 30 patients were enrolled as volunteers to participate in this study. The inclusion criteria were as follows: no previous history of chemotherapy treatment and cardiomyopathy; age between 40 and 60 years; not diagnosed with diabetes and/or hypertension; not a smoker; and not under hormone replacement therapy. The disease classification and therapeutic protocol followed the references of the Clinical Practice Guideline in Oncology of the National Comprehensive Cancer Network (www.nccn.org). Figure 1 shows the division of the groups: women treated only with tamoxifen (20 mg per day) and clinical follow up for 12 months (Tam, n = 10); women treated only with chemotherapy for 6 months with clinical follow up for an additional 6-month period (Chemo, n = 10); and women who received chemotherapy for 6 months followed by a 6-month period only with tamoxifen therapy (20 mg per day) and clinical follow up (Chemo + Tam, n = 10). All volunteers read and signed an informed consent form. The ethical principles were respected according to the 466/12 Resolution of the National Health Council as well as the Helsinki declaration. This study had prior approval of the Institutional Review Board of the Center for Health Sciences, Federal University of Espírito Santo-UFES (protocol no. 115.097/CAAE: 04929212.2.0000.5060).
Biochemical analysis
Peripheral blood samples were collected from each patient upon research enrollment (baseline) (T0), and at 6 (T6) and 12 months (T12) after the first collection. The blood samples were obtained through conventional techniques of peripheral venipuncture preferably in the antecubital fossa using Vacutainer tubes (Becton Dickinson, Franklin Lakes, NJ). In total, 8 mL of blood were distributed in tubes with and without EDTA for plasma and serum separation, respectively. The samples were centrifuged at 3000 rpm for 10 minutes at 4°C, were aliquoted in microcentrifuge tubes (2 mL) and were frozen at À80°C.
Serum troponin I analysis
To evaluate the cardiomyocyte damage the serum concentration of cTnI was performed. A specific kit of the cardiac troponin I (cTnI) test system (Monobind, Inc., Lake Forest, CA) was used, and the reading was performed at 450 nm in a spectrophotometer (Synergy HT, BioTek Instruments, Inc., Winooski, VT). The concentration was given in nanograms per milliliter (ng/mL). The concentration range of the method was 0.1 to 50 ng/mL, and its analytical sensitivity was 0.030 ng/mL. 
Advanced oxidation protein products
The advanced oxidation protein products (AOPP) were measured in microplates by spectrophotometry (Synergy HT, BioTek Instruments, Inc.) to access the oxidative stress during and after the treatment. The reaction was calibrated with chloramine-T (0-100 mM) (Vetec, Rio de Janeiro, Brazil) in the presence of potassium iodine (KI) and acetic acid at 340 nm. Plasma was diluted (1:5) in phosphate-buffered saline (PBS) followed by the addition of 10 mL of potassium iodine (1.16 M) and 20 mL of ultrapure glacial acetic acid. The optical density was read immediately at 340 nm along with the control wells containing 200 mL of PBS, 10 mL of KI, and 20 mL of acetic acid. All samples were analyzed in triplicate. The AOPP concentrations were expressed as mM of chloramine-T/mg of protein. For the determination of total proteins, the plasma was previously diluted (1:100) in distilled water and dosed by the Bradford method.
[17]
Glutathione peroxidase activity
The effects of chemotherapy and of the treatments on the plasmatic activity of the antioxidant enzyme GPx were evaluated. An enzyme-coupled assay (Glutathione Peroxidase Assay Kit, Cayman Chemical Company, Ann Arbor, MI), consisting of an indirect measure of the coupling reaction with glutathione reductase (GR). NADPH oxidation was detected at an absorbance of 340 nm. The activity was measured in a microplate spectrophotometer (Synergy HT, BioTek Instruments, Inc.) of a final volume of 170 mL in each well with the following composition: 100 mL of assay buffer, 50 mL of a mixture of cosubstrates (NADPH, GSH, and GR lyophilized) and 20 mL of plasma, in triplicate. The reaction was started after the addition of plasma to the prewarmed reagent buffer (30°C) in the plate reader and was evaluated by spectrophotometry at 340 nm for 5 minutes. The data between the 1st and 4th minutes were analyzed (linear portion of the curve). The plasmatic GPx activity was equivalent to a reduction in the absorbance of 0.02 to 0.135 per minute and was described as nM/min/mL. The coefficient of variation reported by the manufacturer was 7.2%.
Statistical analyses
The data were expressed as the means ± standard error of the mean. The baseline values were analyzed by 1-way analysis of variance (ANOVA), and the treatment outcomes at the different times were analyzed by repeated-measures analysis of variance (RM-ANOVA), followed by Tukey posttest for multiple comparisons. The values were considered significant at P < .05.
Results
Characteristics of patients
Thirty women with a mean age of 53 ± 1.04 years, diagnosed with breast cancer were followed up during 1 year. Most of them were in the postmenopausal period (56.7%) and without significant differences in their body mass index (BMI) during the follow-up period. Invasive ductal cancer was the most prevalent histopathologic classification (77%) detected mainly in the left breast (63%). Partial mastectomy was the surgical procedure adopted in most cases (57%), and the chemotherapeutic adjuvant treatment with anthracyclines and cyclophosphamide predominated with an average variability of 7 and 6 cycles for the Chemo and Chemo + Tam groups, respectively. Thirty sessions of radiotherapy were also prescribed for 53.3% of the patients. During the study period, there was no death. Other clinical data are detailed in Table 1 .
3.2. Biomarkers of cardiac injury and oxidative stress 3.2.1. Cardiac troponin I. No differences were detected in cardiac injury between the groups at T0 concerning the serum concentrations of cTnI (Tam, 0.037 ± 0.003 ng/mL; Chemo, 0.037 ± 0.001 ng/mL; Chemo + Tam, 0.041 ± 0.002 ng/mL). However, only the Chemo group showed significantly increased levels of cTnI at T12 (0.065 ± 0.006 ng/mL, P < .05) compared with the Tam (0.031 ± 0.001 ng/mL), and Chemo + Tam groups (0.037 ± 0.002 ng/mL). In fact, increased levels of cTnI were detected in the Chemo group at T6 (0.045 ± 0.003 ng/mL, P < .05) compared with that at T0 (0.037 ± 0.001 ng/mL), but this was not different from the other groups for the same period 3.2.3. Glutathione peroxidase activity. As seen in Fig. 4 , the analysis of plasmatic GPx antioxidant enzyme activity showed no differences between the groups at T0 (Tam: 27.6 ± 0.3 nM/min/ mL; Chemo: 25.3 ± 1.5 nM/min/mL; Chemo + Tam: 25.5 ± 0.9 nM/min/mL). Nevertheless, the Chemo + Tam group showed an increase in GPx activity at T6 (28.4 ± 1.3 nM/min/mL, P < .05) that persisted until T12 (29.5 ± 1.0 nM/min/mL, P < .05) compared with that at T0. On the other hand, the Chemo group showed a significant reduction in GPx activity at T12 (24.4 ± 1.1 nM/min/mL, P < .05) compared with that at T6 (27.4 ± 1.0 nM/ min/mL) and to the other groups at T12 (Tam: 28.0 ± 0.7 nM/ min/mL, P < .05; Chemo + Tam 29.5 ± 1.0 nM/min/mL, P < .05).
No alterations during the study period were observed in the Tam group (T0: 27.6 ± 0.3 nM/min/mL; T6: 27.3 ± 0.2 nM/min/mL; T12: 28.0 ± 0.7 nM/min/mL).
Discussion
The present study demonstrated that women submitted to chemotherapy had increased levels of circulating cTnI and AOPP and reduced plasmatic GPx enzyme activity, mainly 6 months after the end of the treatment. However, the women submitted to hormone therapy with tamoxifen maintained their levels of cTnI and AOPP at a similar level to that of baseline, and they also showed an increase in plasmatic GPx activity. These findings provide additional evidence about the increased cardiovascular risk caused by chemotherapy. Although the determination of cardiovascular risk in patients exposed to chemotherapeutic drugs is of a complex nature, several studies have proposed that increased oxidative stress upon chemotherapy with anthracyclines is primarily responsible for damage to cardiomyocytes. [9] [10] [11] [12] An example of this is the evidence that doxorubicin induces an increase in reactive oxygen species, such as the production of mitochondrial superoxide anion, peroxyl, and alkoxyl mediated by iron oxidation. [18] Moreover, we also observed that women treated only with chemotherapy presented plasma concentrations of cTnI greater than those of women treated only with tamoxifen. However, it is important to note that the cTnI concentrations detected in all groups were within the normal range for healthy subjects. Interestingly, Cardinale et al [9] noted that a small portion of patients whose cTnI concentrations were normal also developed transient ventricular dysfunction, characterized by reduced LVEF. In previous research from our laboratory, we also observed subclinical changes in the proBNP levels and LVEF outcomes in patients who received only chemotherapy for breast cancer. In this case, the data were significantly higher than those for patients receiving tamoxifen. [19] These findings encourage the possibility that such subclinical changes are predictive of cardiac damage in the future.
The correlation between chemotherapy-associated cardiovascular damage and circulating levels of cTnI has been observed in clinical studies. The increase in cTnI concentrations during chemotherapeutic treatment with anthracyclines and 1 month after the end of treatment found that 63 of 703 patients were more likely to have deleterious cardiac events. [20] Hence, the use of anthracyclines was identified as a risk factor for cardiotoxicity after treatment, revealing progressive damage of cardiomyocytes along with an increase of cTnI levels, even in patients with normal LVEF.
[21] Sawaya et al investigated 81 patients with breast cancer treated with chemotherapy for 15 months. In 32% of these patients, cTnI could predict subsequent heart damage, such as the reduction in systolic longitudinal myocardial strain and consequent reduction in LVEF. However, there is a lack of studies investigating the effects of hormone therapy with tamoxifen on cTnI levels. [22] Unlike the group treated only with chemotherapy, there were no changes in the concentrations of cTnI in patients treated with tamoxifen alone or tamoxifen plus chemotherapy. Nonexposure to chemotherapy may explain, in part, the stability of cTnI levels in the group treated only with tamoxifen. Thus, we believe that the stability of cTnI in the women treated with Chemo + Tam occurs due to the beginning of hormone therapy with tamoxifen by some volunteers who had finished chemotherapy sessions in a period earlier than 6 months of sample collection.
It is important to note that although anthracyclines are indicated as one of the main chemotherapeutic treatments responsible for cardiovascular risk, they do not constitute alone the treatments presented in this study. Other chemotherapeutics associated with anthracyclines also exhibit cardiotoxic potentials that may have influenced our results. Cyclophosphamide (also present in all drug combinations described in our methodology) is recognized for contributing to the increase in oxidative stress during its metabolism by the citrocom P450, [23] which can be virtually correlated with cardiotoxicity. However, according to the clinical trial of De Azambuja et al, [24] adverse effects on LVEF and the heart rate of patients receiving cyclophosphamide-based chemotherapy were lower than those observed in the anthracycline-treated group, as well as no changes in cTnI levels were detected in both groups 18 years after the end of treatment.
Recent data on acute treatment with paclitaxel have indicated a disruption in the cholesterol synthesis pathway, with a reduction in plasma levels of high-density lipoproteins and an increase in hydroperoxide levels, and an increase in the concentration of Creactive protein and creatine kinase. [25] Similar results were observed in previous studies of our laboratory after a year of observation of patients who also used paclitaxel associated with the therapeutic regimen. [26] Initially, the cardiotoxicity of docetaxel has been described by its effect on increasing the density of microtubules, leaving them more stable and preventing the division of tumor cells. However, this effect on cardiac cells would potentiate a contractile dysfunction in hypertrophy. [27] In a clinical evaluation of the administration of a dose of docetaxel (52.36 mg/m 2 ) in women with breast cancer and skin metastasis, it was suggested that docetaxel induced acute left ventricular diastolic dysfunction and a transient increase in serum brain natriuretic peptide (BNP) without increasing both preload or afterload. [28] If these results are projected over the years following treatment, we cannot rule out their contribution to the development of diseases such as heart failure, especially in patients with ventricular dysfunction.
Most studies investigating the cardiovascular effects of tamoxifen have shown cardioprotective effects of hormone therapy by modulation of the lipid profile and inflammatory markers. [29] [30] [31] However, none of these studies highlighted the impact of tamoxifen after chemotherapy and its effects on the cardiovascular system. In another study from our laboratory, we demonstrated that women treated with tamoxifen after chemotherapy had higher concentrations of apolipoprotein A in relation to apolipoprotein B and reduced plasma levels of C-reactive protein, all important cardiovascular risk biomarkers. [26] These findings support the hypothesis that the cardioprotective effects of tamoxifen against damage caused by chemotherapy on the cardiovascular system may be a result of long-term mechanisms. Cardiotoxicity resulting from anthracycline-based antineoplastic treatments is an important parameter in the therapeutic prognosis that has driven experimental and clinical investigations to understand its mechanisms and establish appropriate management. This is the first study assessing AOPP as a biomarker of oxidative stress sensitive to different treatment protocols for breast cancer. This biomarker is directly involved in the death of cardiomyocytes in vitro and in cardiac lesions in vivo. [32] In this regard, we observed that women undergoing chemotherapy alone or combined with tamoxifen showed higher plasma concentrations of AOPP at the end of the study than those treated only with tamoxifen. However, the women treated only with chemotherapy showed AOPP concentrations even higher than those who incorporated the tamoxifen in to the treatment. We believe that these results can be attributed, in part, to the antioxidant effects of tamoxifen, which act as a scavenger of reactive oxygen species to reduce the protein oxidation triggered by chemotherapy. In this context, Ek et al [33] reported that tamoxifen could reduce the levels of lipid peroxidation, malondialdehyde, and creatine kinase activity in animals subjected to ischemia and the reperfusion protocol. These animals also showed increased concentrations of glutathione and glutathione peroxidase. [33] Therefore, it is important to note that the significant increase in the AOPP levels among the patients treated exclusively with chemotherapy was detected only at the final evaluation. In fact, chemotherapy was the only stressful condition for which all the volunteers engaged in this study were exposed because they did not present any previous cardiac and metabolic alterations. On the other hand, at the end of the evaluation period, it seems that the residual oxidative effects of the chemotherapy have overlapped with the antioxidant system capacity.
Although alterations in the AOPP levels were not detected at the sixth month, we observed the indications of cardiac injury (rise in circulating cTnI), which can be a consequence of the oxidative stress caused by treatment based only on chemotherapy. At this initial stage, anthracyclines may activate other pathways (MAPK/ERK), which causes the increase in the expression of proapoptotic factors, such as p53, BAX, and BAK. [18] Moreover, its interference on the iron metabolism (Fe 3 + ) [34] and in the cardiac synthesis of ankyrin repeat protein increases reactive oxygen species production and compromises the myocyte survival and cellular transcription, respectively. [35] In a prospective study, an increase in proapoptotic proteins (sFas and sTRAIL) was detected 1 year after the end of the chemotherapy treatment for breast cancer, evidencing the chronic residual effects of this treatment. [36] However, the authors did not find a correlation between these biomarkers levels with the predictive risk of cardiac dysfunction or with the subclinical alterations in the left ventricle ejection fraction and NT-proBNP levels (a biomarker of heart failure), also detected in the study.
Corroborating our data, Perik et al [36] reported that a chemotherapy regimen led to an increase in the plasmatic concentration of apoptotic proteins in breast cancer for a period of 6 years after treatment began.
[37] Vera-Ramirez et al [38] also 96:47 www.md-journal.com noted that chemotherapy with anthracyclines and/or taxanes produce a certain level of systemic oxidative stress, which is maintained throughout the treatment and correlates with higher levels of oxidized proteins and DNA damage. This effect could have a negative impact on the clinical outcomes of women with breast cancer, although women undergoing hormone therapy had greater disease-free survival. We also found that women who had made use of tamoxifen alone or after chemotherapy maintained stable levels of AOPP. In part, it can be speculated that the prescribed hormone therapy after chemotherapy reduced oxidative stress in the months following the assessment, thus reducing the deleterious effects of chemotherapy. Recently, experimental studies have shown that the use of tamoxifen improves the antioxidant response, endothelial dysfunction, and inflammation. Indeed, tamoxifen increases the enzyme activity of aldehyde dehydrogenase which is responsible for the protection against the toxic effects of aldehydes, such as lipid peroxidation. [39] Moreover, tamoxifen improves the endothelium-dependent vasorelaxation, increasing the expression of the endothelial nitric oxide synthase and prevents the release of proinflammatory cytokines. [40] Another important result found in this study was the reduced activity of the plasmatic isoform of GPx enzyme in women undergoing chemotherapy. Also, the increased concentration of this enzyme in the group treated with tamoxifen after chemotherapy suggests that chemotherapy may have an impact on this enzyme. These data corroborate the hypothesis that tamoxifen has estrogen agonist effects on the antioxidant system. Population studies have observed that women in the fertile period have higher GPx plasmatic activity and levels than men, likely because of the action of estrogens. [41, 42] Indeed, it was reported that estrogen has a regulatory function in the expression of plasmatic GPx. [43] In cell culture, estrogen could increase the expression of antioxidant enzymes such as SOD and GPx mediated by the intracellular signaling pathways ERK, MAPK, and the nuclear transcription factor kappa B. [44] Similarly, phytoestrogens derived from Agaricus blazei Murril mushroom can stimulate the synthesis of plasmatic GPx, therefore preventing the vascular oxidative damage of atherosclerosis. [45] The study by Ek et al [33] showed that animals treated with tamoxifen had higher plasmatic concentrations of glutathione and GPx after a protocol of ischemia and reperfusion compared with the control group. Given the above evidence and data found in our study, we believe that hormone therapy may maintain the antioxidant activity of GPx in women treated with tamoxifen after chemotherapy.
Although there was an increase in GPx activity in women treated with chemotherapy and tamoxifen at the sixth-month follow up (when compared to baseline), it was not different from the findings of women treated only with chemotherapy for the same period. However, we believe that physiological defense mechanisms were triggered in both groups, differing only in the following 6 months. This fact can be evidenced by the observation of patients undergoing chemotherapy and parenteral nutritional supplementation after bone marrow transplant. These patients also showed a progressive increase in GPx activity correlated with physiological antioxidant defense. [46] BrigeliusFlohé and Maiorino [47] described that there is an upregulation of the plasmatic GPx isoform resulting from oxidative stress during the inflammatory process, as a protective response mechanism.
We also observed that chemotherapy alone led to a significant decline in GPx activity between the sixth month and end of the study compared with tamoxifen alone or after chemotherapy.
These results are likely associated with chronic residual effects of chemotherapy, which escalates the consensual concern about the cardiotoxic effects of anthracyclines. Mercuro et al [48] described an association between the reduction in GPx concentration, the increase in the proinflammatory cytokine interleukin-6, and echocardiographic changes in patients treated with anthracyclines. The authors raised the hypothesis that mild cardiac anomalies can occur at cumulative levels of the drug, even at low doses. Recently, the reduction in GPx activity was correlated inversely and linearly with mortality from cardiovascular diseases (including coronary heart disease, arteriosclerotic diseases, and stroke) in subjects with low concentrations of high-density lipoprotein, independently of conventional risk factors. [49] A potential limitation of our study is the fact that it was a single-center study and the total number of patients became limited. This occurred mainly because some patients did not meet our inclusion criteria and a portion of the patients who met the criteria gave up following the study for personal reasons.
The therapeutic outcome of disease-free patients is by far the most desired in the treatment of breast cancer. However, evidence has questioned the impact of chemotherapy on the damage of other organs and systems, which in turn, has driven research towards the early identification of risks. Indeed, we have demonstrated in the present study an important relationship between the antineoplastic treatments over the biomarkers of oxidative stress and cardiac injury, where it was possible to observe that women with breast cancer only submitted to chemotherapy showed an increase in oxidative stress associated with a subclinical increase of cTnI and a decrease in GPx activity, unlike women who are treated with tamoxifen after the end of chemotherapy.
Based on these findings, our study concludes that there is evidence of health-related changes in chemotherapy treatment, over a period of 6 months after its completion. However, although the biomarkers are within the spectrum of levels clinically accepted, they are significant and heterogeneous compared with the other therapeutic modalities evaluated. In addition, tamoxifen hormone therapy was demonstrated to not only maintain the levels of cardiac injury and oxidative stress biomarkers but also enhance one of the antioxidant defense mechanisms in women who have been prescribed their use after chemotherapy. Therefore, new studies are needed to investigate a direct correlation with cardiac function and to evaluate the changes that may have developed in the years ahead of the end of the treatments, as well as to analyze the survival rates in the different treatment groups.
